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(57) ABSTRACT

A control device for a braking system of a vehicle, with the aid
of which at least one provided setpoint variable regarding a
setpoint brake pressure to be set in a first brake circuit and at
least one provided actual variable regarding an actual brake
pressure that is present in the first brake circuit, and/or an
elasticity variable regarding an elasticity of a second brake
circuit of the braking system are receivable, and a default
variable regarding a setpoint additional volume of a brake
fluid of the second brake circuit which is in a main cylinder
braking mode is establishable, by taking into account a first
deviation variable of the at least one actual variable from the
at least one setpoint variable, and/or a second deviation vari-
able of the elasticity variable from a predefined setpoint elas-
ticity variable, so that a control signal corresponding to the
established default variable is outputtable to at least one vol-
ume conveying device. Moreover, also described is a method
for operating a braking system for a vehicle.
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CONTROL DEVICE FOR A BRAKING
SYSTEM OF A VEHICLE, BRAKING
SYSTEM, AND METHOD FOR OPERATING A
BRAKING SYSTEM FOR A VEHICLE

FIELD OF THE INVENTION

The present invention relates to a control device for a
braking system of a vehicle and a braking system having this
type of control device. Moreover, the present invention relates
to a method for operating a braking system for a vehicle.

BACKGROUND INFORMATION

Braking systems for motor vehicles having two indepen-
dent (separate) hydraulic brake circuits are known from the
related art. Due to the independent design of the two brake
circuits, in the event of a circuit failure due to a brake circuit
defect it should still be possible to ensure at least minimum
functioning of the braking system, and thus prevent a total
failure of the braking system.

A method for ascertaining a malfunction of a pressure
sensor or a brake circuit of a hydraulic vehicle braking system
having two brake circuits is described in German Published
Patent Application No. 102 24 590, for example. The mal-
function or the failure is recognizable by comparing a hydrau-
lic pressure ascertained with the aid of the pressure sensor in
a pressure chamber of a main brake cylinder (or a variable
derived therefrom) to a vacuum pressure of at least one
vacuum sensor situated at a vacuum brake booster (or a vari-
able derived therefrom). After the malfunction or failure is
recognized, a shutoff valve situated in a hydraulic line
between the main brake cylinder and the still functional brake
circuit is closed, and at least one wheel brake of the still
functional brake circuit is subsequently acted on by pressure
with the aid of a hydraulic pump. In this way, the aim is for
hydraulic brake boosting to be producible despite the mal-
function or the failure.

SUMMARY

The present invention provides a control device for a brak-
ing system of a vehicle, a braking system for a vehicle, and a
method for operating a braking system for a vehicle.

The present invention allows additional volume to be con-
veyed into the second brake circuit for the additional brake
boosting, in particular in order to ensure the deceleration
required by regulation, even in the event of a fault. For
example, a defect in the first brake circuit during the estab-
lishment of the setpoint additional volume is recognized by
comparing the at least one setpoint variable to the at least one
actual variable, and additional brake boosting is subsequently
activated in the second brake circuit. The functional impair-
ment of the first brake circuit, in particular a circuit failure,
may be compensated for in this way.

Moreover, it is also possible with the aid of the present
invention to compensate for air that is present in the second
brake circuit by suitably establishing the setpoint additional
volume, taking into account the elasticity variable. Custom-
arily, the volume intake of a standard braking system is
greatly increased by the presence of air (in the at least one
brake circuit). This may result in a functional impairment of
the affected brake circuits. This functional impairment is
preventable with the aid of the present invention. For this
reason, the present invention is advantageously usable in
particular in by-wire braking systems and braking systems
having aged brake fluid.
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For a vehicle having the control device according to the
present invention, the braking system equipped with same,
and a vehicle operation using the corresponding method, the
minimum vehicle deceleration required by regulation is eas-
ily ensured in error-free normal operation as well as in the
event of a fault, in particular in the event of a failure of the
front axle circuit. For example, in the event of a circuit failure
the motor vehicle may bring about a vehicle deceleration of at
least 2.44 m/s*. Thus, the driver may reliably and conve-
niently brake the vehicle, even after a functional impairment.

The main brake cylinder braking mode is understood to
mean a mode/state of the second brake circuit in which the
second brake circuit is connected to the main brake cylinder
in such a way that the driver is still able to brake the at least
one second wheel brake cylinder via a pressure buildup in the
main brake cylinder. Thus, in one embodiment of the present
invention it is not necessary to close a shutoff valve between
the main brake cylinder and the second brake circuit prior to
transferring the actual additional volume. Instead, the present
invention may also be carried out when this type of shutoff
valve is present in an at least partially opened state, in par-
ticular in the opened state. In the present invention, the driver
still has direct access to the second brake circuit. The driver
may thus control/actively adjust the brake pressure that is
present in the at least one second wheel brake cylinder after or
during the transfer of the actual additional volume. In other
words, via the applied pedal travel/pedal pressure and the
applied counterforce the driver may regulate the pressure in
the second (intact) brake circuit with respect to the increased
counterpressure from the at least one volume conveying
device, such as a pump and/or a plunger.

Itis pointed out here that the present invention provides for
a transfer of an additional brake fluid volume into the second
brake circuit, which is hydraulically connected to the main
brake cylinder and in which braking may still be carried out
via the main brake cylinder, while in the conventional method
a brake pressure is actively set by regulation in an intact brake
circuit with a closed shutoff valve. Thus, in contrast to the
regulation with the shutoff valve closed, the driver may
quickly change the brake pressure which has built up in the at
least one second wheel brake cylinder, without the need fora
complicated or expensive electronics system.

In addition, compared to the conventional method, the
present invention requires no vacuum sensor. The present
invention may thus also be carried out in a braking system
without vacuum boost. Thus, since no signal of a vacuum
sensor is necessary for applying the present invention, imple-
mentability below the booster control point is ensured.

While the conventional method results in a by-wire brake
circuit in which a pressure reduction is possible only by
regulation via the continuously adjustable valve, in the
present invention it is not necessary to actively regulate the
pressure in the second (remaining intact) brake circuit above
the pressure level generated by the driver, based on the esti-
mated braking input. Thus, an electronics system which is
less expensive and which requires less installation space is
also applicable for the implementability of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flow chart for explaining a first specific
embodiment of the method for operating a braking system.

FIG. 2 shows a coordinate system for illustrating a second
specific embodiment of the method for operating a braking
system.
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FIG. 3 shows a schematic illustration of one specific
embodiment of the control device.

FIG. 4 shows a schematic illustration of one specific
embodiment of the braking system.

DETAILED DESCRIPTION

FIG. 1 shows a flow chart for explaining a first specific
embodiment of the method for operating a braking system.

The method described below may be carried out using a
braking system which includes a main brake cylinder, a stor-
age volume, external to the brake circuit, which is fillable with
abrake fluid, a first brake circuit having at least one first wheel
brake cylinder, a second brake circuit having at least one
second wheel brake cylinder, and at least one volume convey-
ing device. The at least one volume conveying device may be
a pump and/or a plunger, for example.

The at least one second brake circuit is operable at least in
amain brake cylinder braking mode in which a pressure in the
second brake circuit is controllable with the aid of the main
brake cylinder. This may be understood to mean that the
driver has the option of braking the second brake circuit
which is in the main brake cylinder braking mode by activat-
ing a brake activation element, for example a brake pedal,
situated at the main brake cylinder via a pressure buildup in
the main brake cylinder. This type of braking may be under-
stood to mean a buildup of a brake pressure in the at least one
second wheel brake cylinder of the second brake circuit. The
first brake circuit may also be operable in this type of main
brake cylinder braking mode.

In addition to the main brake cylinder braking mode, the
second brake circuit may also be operable in a nonmuscular
energy braking mode in which a hydraulic connection
between the main brake cylinder and the second brake circuit,
which is in the main brake cylinder braking mode, is closed/
prevented, and the brake pressure that is present in the at least
one second wheel brake cylinder of the second brake circuitis
independent of an internal pressure of the main brake cylin-
der. However, the applicability of the method described
below is not limited to an operability of the second brake
circuit in this type of nonmuscular energy braking mode.
Likewise, the first brake circuit may be operable solely in a
nonmuscular energy braking mode in which a brake pressure
that is present in the first brake circuit is independent of an
internal pressure of the main brake cylinder, or may selec-
tively be operable in a main brake cylinder braking mode or a
nonmuscular energy braking mode. The method described
below may thus be carried out using many different types of
braking systems.

The method may include a method step S1, in which at
least one setpoint variable regarding a setpoint brake pressure
to be set in the first brake circuit and/or in the at least one first
wheel brake cylinder is ascertained. For example, at least one
braking distance and/or one brake pressure of an activation of
the brake activation element may be ascertained by a driver of
the vehicle as the at least one first setpoint variable. This may
be understood to mean a variable which corresponds to the
braking distance and/or the brake pressure, for example a
displacement travel (rod travel) of a connecting component
situated between the main brake cylinder and the brake acti-
vation element and/or a pressure applied to the connecting
component. A rod travel speed is also ascertainable as an
actual variable. The setpoint variable regarding the setpoint
brake pressure to be set in the first brake circuit and/or in the
m at least one first wheel brake cylinder may also be a pres-
sure that is present in the second brake circuit and/or in the at
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least one second wheel brake cylinder, provided that the same
pressure conditions are to be present in both brake circuits.

Together with method step S1, the method may also
include a method step S2 in which at least one actual variable
regarding an actual brake pressure that is present in the first
brake circuit and/or in the at least one first wheel brake cyl-
inder, and/or regarding an actual braking torque that is exerted
on at least one wheel by the at least one first wheel brake
cylinder, is ascertained. For example, a pressure that is
present in the first brake circuit and/or in the at least one first
wheel brake cylinder, or a variable derived therefrom, is
ascertained as the at least one actual variable regarding the
present actual brake pressure. Likewise, a change over time of
arotational speed of a wheel associated with the second wheel
brake cylinder may be ascertained as the at least one actual
variable regarding the actual braking torque exerted on at
least one wheel by the at least one first wheel brake cylinder.
However, it is also possible to ascertain an instantaneous
vehicle deceleration, based on the variation over time of the
vehicle speed, as the at least one actual variable.

Thus, for carrying out method steps S1 and S2 there is a
large selection for the sensor values which are ascertainable
as the setpoint variable and as the actual variable. Sensors
which are generally already present on a vehicle may be used
for carrying out method steps S1 and S2. Thus, carrying out
the method described here requires no additional sensors to
be installed on the vehicle.

The indications of method steps S1 and S2 do not specify a
chronological sequence for carrying out these method steps.
For example, method step S2 may also be carried out prior to
method step S1 or simultaneously with same.

As an alternative or in addition to method steps S1 and S2,
the method may also include method step S3. An elasticity
variable regarding an elasticity of the second brake circuit
may be ascertained in method step S3. This type of elasticity
variable may be understood to mean, for example, a variable
regarding a relationship between at least one volume differ-
ence ofthe second brake circuit and/or of a pressure chamber
of the main brake cylinder connected to the second brake
circuit, and a pressure difference in the second brake circuit.
The elasticity variable may also be the volume difference of
the second brake circuit and/or of a pressure chamber of the
main brake cylinder connected to the second brake circuit, at
different system pressures. Since methods for determining
this type of elasticity variable/elasticity of the second brake
circuit are known from the related art, they are not discussed
in greater detail here.

A default variable regarding a setpoint additional volume
of the brake fluid of the second brake circuit which is in the
main brake cylinder braking mode is established in a method
step S4. The default variable may include, for example, the
setpoint additional volume, a pump frequency, pump work, a
pump power, a plunger control variable, and/or a setpoint
energization of the at least one volume conveying device of
the braking system.

The default variable may be established, for example, by
taking into account a first deviation variable of the at least one
actual variable from the at least one setpoint variable. The first
deviation variable may be, for example, a difference of the at
least one actual variable from the at least one setpoint vari-
able. Further options for ascertaining the first deviation vari-
able are likewise possible. Furthermore, in addition to the first
deviation variable, a difference between the at least one actual
variable and a predefined minimum variable may be taken
into account in establishing the default variable/the setpoint
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additional volume. In particular, a setpoint additional volume
may be established only when the difference is not equal to
Zero.

Alternatively or additionally, the default variable may be
established by taking into account a second deviation variable
of the at least one elasticity variable from a predefined set-
point elasticity variable. The setpoint elasticity variable may
be specified in such a way that an elasticity variable which
differs from the predefined setpoint elasticity variable occurs
when there is an increased brake circuit elasticity, i.e., when
there is an increase in the brake fluid volume that is present/
required in the second brake circuit, in particular when air is
in the second brake circuit.

Thus, with the aid of method step S4, a functional impair-
ment of the first brake circuit, for example due to an escape of
brake fluid from the first brake circuit, may also be indirectly
determinable as a functional impairment of the second brake
circuit when there is an increase in the brake fluid volume/
brake fluid requirement that is present in the second brake
circuit, in particular due to air in the second brake circuit.
However, it is pointed out that the functional impairment of
the first brake circuit and/or the increased elasticity of the
second brake circuit does not have to be “recognized” (ad
hoc), but, rather, may be automatically compensated for. This
is another advantage of the method. By suitably establishing
the default variable/the setpoint additional volume, the func-
tional impairment of the first brake circuit, such as a circuit
failure and/or the air present in the second brake circuit, may
be compensated for as described in greater detail below.

In addition to a setpoint additional volume which is not
equal to zero, an error state of the first brake circuit and/or an
overelasticity of the second brake circuit may also optionally
be recognized/established in method step S4. No further
method steps need be carried out for this type of circuit failure
recognition. The recognized/established error state of the first
brake circuit and/or the overelasticity of the second brake
circuit may be subsequently communicated to the driver and/
or to a vehicle repair shop with the aid of an information
display, an audio output, and/or a radio signal. In addition to
areliable deceleration of the vehicle, the driver has the option
of being informed of the states of the braking system and to
remedy same in a timely manner.

In a further method step S5, an actual additional volume of
the brake fluid corresponding to the established default vari-
able/the setpoint additional volume is introduced from the
storage volume, situated outside the second brake circuit, into
the second brake circuit which is in the main brake cylinder
braking mode, with the aid of the at least one volume convey-
ing device. In one advantageous specific embodiment, the
actual additional volume of the brake fluid is transferred, with
the aid of the at least one volume conveying device, from the
storage volume via a reservoir line which connects the second
brake circuit parallel to the main brake cylinder to the storage
volume into the second brake circuit which is in the main
brake cylinder braking mode.

Alternatively, a sealing device of a replacement borehole
which connects the storage volume to the main brake cylinder
may be at least partially opened, preferably completely
opened. This may be easily carried out, for example, by
overflowing the sealing device. The actual additional volume
of the brake fluid may be subsequently transferred with the
aid of the at least one volume conveying device from the
storage volume into the second brake circuit which is in the
main brake cylinder braking mode, via the at least partially
opened sealing device (and at least one pressure chamber of
the main brake cylinder).
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It is pointed out that the implementability of method step
S5 does not require disconnecting the second brake circuit by
closing a shutoff valve situated between the second brake
circuit and the main brake cylinder. Thus, the driver also has
the option to directly brake the second brake circuit during
method step S5 and/or after method step S5. Likewise, a
pressure reduction in the second brake circuit may also be
carried out after method step S5, in that the brake fluid is
displaced in a simple manner from the second brake circuit
into the main brake cylinder by the driver releasing the brake
pedal.

The present method thus allows a compensation for a func-
tional impairment of the first brake circuit and/or of a brake
circuit elasticity of the second brake circuit which differs
from the setpoint elasticity variable. At the same time, it is
ensured that the second brake circuit is still hydraulically
connected to the main brake cylinder, and an additional brake
pressure buildup in the second brake circuit with the aid of a
pressure buildup in the main brake cylinder is thus quickly,
reliably, and easily carried out by the driver via the hydraulic
connection between the second brake circuit and the main
brake cylinder. This is a significant advantage which is
ensured for the second brake circuit in the method described
here, but which is not present for a by-wire brake circuit.

FIG. 2 shows a coordinate system for illustrating a second
specific embodiment of the method for operating a braking
system.

The abscissa of the coordinate system corresponds to a
time t. The ordinate of the coordinate system depicts a vehicle
speed v (in mV/s), a brake pedal travel s (in mm), a first brake
pressure pl (in bar) in a first brake circuit on a front axle of a
vehicle, a second brake pressure p2 (in bar) in a second brake
circuit on a rear axle of the vehicle, and delivery work W of a
volume conveying device of the braking system, for example
a pump.

In the braking system used for carrying out the method, a
functional impairment of the first brake circuit, via which in
the error-free state of the braking system the wheels of the
front axle are brakeable, is present. This functional impair-
ment may be recognized either prior to point in time t0 or
between times t0 and t1 with the aid of the above-described
method steps, for example by ascertaining the actual variable
and the setpoint variable and comparing the ascertained val-
ues to one another. Since the method steps for ascertaining the
actual variable and the setpoint variable, for recognizing the
functional impairment of the first brake circuit, and for estab-
lishing a corresponding setpoint additional volume of the
second brake circuit which is in the above-mentioned main
brake cylinder braking mode have already been described,
they are not discussed again here. It is only pointed out that
the method steps may be carried out quickly enough that the
response by the braking system, described below, to the estab-
lished setpoint additional volume of the second brake circuit
experiences little or no impairment, whether the method steps
have already been carried out prior to point in time t0 or
between times t0 and t1.

Beginning at point in time t0, the driver depresses the brake
pedal. Thus, a brake pedal travel which is not equal to zero is
present beginning at point in time t0.

Beginning at point in time t1, the volume conveying device
is controlled in such a way that, with the aid of the volume
conveying device, an actual additional volume which corre-
sponds to the (indirectly) established setpoint additional vol-
ume is introduced into the second brake circuit. For this
purpose it is not necessary to directly establish the setpoint
additional volume. Instead, a simpler method may be carried
out by establishing as the default variable an activation signal



US 9,248,812 B2

7

of'the at least one volume conveying device and/or a setpoint
pressure to be set in the second brake circuit. Thus, beginning
at time t1, delivery work W has values which are not equal to
0. Accordingly, second brake pressure p2 of the second brake
circuit greatly increases beginning at time t1. Thus, as is
apparent based on decreasing vehicle speed v, the vehicle is
reliably deceleratable despite low first brake pressure p1.

A deactivation of the at least one volume conveying device
may occur only after the setpoint pressure in the second brake
circuit which is established as the default variable is ascer-
tained. Second brake pressure p2 of the second brake circuit
may thus also be increased by activating the volume convey-
ing device with a constant brake pedal travel s, for example
when the volume to be displaced is depleted from the main
brake cylinder (limit stop).

A desired vehicle deceleration is achieved beginning at
time t2.

FIG. 3 shows a schematic illustration of one specific
embodiment of the control device.

The schematically illustrated control device 10 is usable
for a braking system (not illustrated) of a vehicle. Control
device 10 includes a first receiving device 12 and a second
receiving device 14 and/or a third receiving device 16. In the
illustrated specific embodiment, control device 10 has three
receiving devices 12 through 16. However, control device 10
is not limited to being equipped with all three receiving
devices 12 through 16. Thus, in the design of control device
10 there is great freedom regarding the equipment version
with at least one receiving device 12 through 16.

Atleast one provided setpoint variable regarding a setpoint
brake pressure to be set in a first brake circuit of the braking
system and/or in at least one first wheel brake cylinder of the
first brake circuit is receivable with the aid of first receiving
device 12. For example, at least one sensor signal 18 of a
braking distance sensor and/or of a brake pressure sensor may
be receivable as the at least one setpoint variable. The at least
one sensor signal 18 may include a braking distance/displace-
ment travel, a time derivative of the braking distance/dis-
placement travel, a brake pressure, and/or a time derivative of
the brake pressure.

Second receiving device 14 is designed in such a way that
atleast one provided actual variable regarding an actual brake
pressure that is present in the first brake circuit and/or in the
at least one first wheel brake cylinder, and/or regarding an
actual braking torque exerted on at least one wheel by the least
one first wheel brake cylinder, is receivable with the aid of
second receiving device 14. In particular, at least one output
signal 20 of a brake pressure sensor, of a wheel speed sensor,
and/or of a vehicle speed sensor is receivable as the at least
one actual variable. Thus, output signal 20 may include a
brake pressure, a time derivative of the brake pressure, a
wheel speed, a time derivative of the wheel speed, a vehicle
speed, and/or a time derivative of the vehicle speed.

An elasticity variable regarding an elasticity of a second
brake circuit of the braking system is receivable with the aid
of third receiving device 16. The elasticity variable may be
understood to mean a variable, received via an elasticity sig-
nal 22, regarding a relationship of at least one volume differ-
ence of the second brake circuit and/or of a main brake cyl-
inder chamber connected to the second brake circuit and a
pressure difference in the second brake circuit. (In one refine-
ment, the pressure that is present in the second brake circuit
may also be receivable with the aid of third receiving device
16 or another receiving device.)

Control device 10 includes an evaluation device 24, with
the aid of which a default variable regarding a setpoint addi-
tional volume of a brake fluid of the second brake circuit
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which is in a main brake cylinder braking mode is establish-
able. The default variable may be, for example, the setpoint
additional volume, a pump frequency, pump work, a pump
power, a plunger control variable, and/or a setpoint energiza-
tion of the at least one volume conveying device of the brak-
ing system, for example a pump and/or a plunger. The main
brake cylinder braking mode may be understood to mean a
mode of the second brake circuit in which a pressure in the
second brake circuit is controllable by the driver with the aid
of'a main brake cylinder of the braking system, for example
via a pressure increase or a pressure reduction in the main
brake cylinder chamber which is hydraulically connected to
the second brake circuit.

The default variable/the setpoint additional volume may be
established with the aid of evaluation device 24, by taking into
account a first deviation variable of the at least one actual
variable from the at least one setpoint variable, and/or by
taking into account a second deviation variable of the elastic-
ity variable from a predefined setpoint elasticity variable. For
this purpose, evaluation device 24 receives, for example, a
setpoint variable signal 26 and an actual variable signal 28,
and subsequently establishes the first deviation variable, in
particular as a difference. Likewise, after receiving an elas-
ticity variable signal 30, evaluation device 24 may establish
the second deviation variable as the difference of the elasticity
variable from the predefined setpoint elasticity variable.

Evaluation device 24 subsequently outputs a default signal
32, corresponding to the established default variable/the set-
point additional volume, to a control device 34. With the aid
of control device 34, a control signal 36 corresponding to the
established setpoint additional volume is outputtable to at
least one volume conveying device of the braking system in
such a way that an actual additional volume of the brake fluid
corresponding to the setpoint additional volume is introduc-
ible into the second brake circuit which is in the main brake
cylinder braking mode from a storage volume, external to the
brake circuit, of the braking system with the aid of the at least
one volume conveying device. This ensures the above-de-
scribed advantages.

FIG. 4 shows a schematic illustration of one specific
embodiment of the braking system.

The braking system depicted schematically in FIG. 4 hav-
ing above-described control device 10 has a first brake circuit
50 and a second brake circuit 52, each having two wheel brake
cylinders 54a and 545, respectively. Two wheels 56 situated
on the front axle are associated with the two wheel brake
cylinders 54q of first brake circuit 50. A generator (not illus-
trated) may also be situated on the front axle. Wheels 60 on
the rear axle are associated with the two wheel brake cylin-
ders 545 of second brake circuit 52. However, the braking
system described here is not limited to an axle-specific brake
circuit distribution. Instead, the braking system is also usable
when wheels 56 and 60 associated with a shared brake circuit
50 or 52 are situated on one side of the vehicle, or diagonally
on the vehicle.

It is expressly pointed out that the components of the brak-
ing system described below represent only one example of a
possible design of the advantageous braking system having
control device 10. A primary advantage of the braking system
is that brake circuits 50 and 52 are not limited to a certain
design or to the use of certain components. Instead, brake
circuits 50 and 52 may be modified with a great freedom of
choice without compromising the advantages of equipping
the braking system with control device 10.

The braking system has a brake input element 64, for
example a brake pedal, situated at a main brake cylinder 62. A
braking distance sensor 66 may be situated at brake input
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element 64 for providing the setpoint value. A brake force
sensor/brake pressure sensor may be used as an alternative to
braking distance sensor 66. Optionally, the braking system
may also include a brake booster 68, for example a hydraulic
brake booster or an electromechanical brake booster.

First brake circuit 50 having a main switching valve 70 and
achangeover valve 72 is designed in such a way that the driver
may directly brake wheel brake cylinders 54a of first brake
circuit 50 via main brake cylinder 62. A wheel inlet valve 74a
having a bypass line 76a extending in parallel thereto, a check
valve 77a situated in each bypass line 764, and a wheel outlet
valve 78a are associated with each of the two wheel brake
cylinders 54a of first brake circuit 50. In addition, first brake
circuit 50 includes a first pump 80 whose suction side is
connected to wheel outlet valves 78a and whose pressure side
is oriented toward changeover valve 72, a storage chamber 82
coupled between wheel outlet valves 784 and pump 80, and a
pressure relief valve 84 situated between first pump 80 and
storage chamber 82.

Second brake circuit 52 is designed as a brake circuit which
is decoupleable from main brake cylinder 62. For this pur-
pose, second brake circuit 52 has a shutoff valve 86, with the
aid of which wheel brake cylinders 545 of second brake
circuit 52, wheel inlet valves 745 associated with wheel brake
cylinders 545 together with bypass lines 765 situated in par-
allel and having check valves 775, and wheel outlet valves
78b associated with wheel brake cylinders 545 are decou-
pleable from main brake cylinder 62. By closing shutoff valve
86, the actuation of brake input element 64 may be prevented
from causing an increase in the brake pressure in wheel brake
cylinders 545 of second brake circuit 52. This is particularly
advantageous when the generator is to be used for charging
the vehicle battery (not illustrated) during a braking opera-
tion. Since the generator exerts an additional generator brak-
ing torque on the vehicle, by decoupling wheel brake cylin-
ders 54b of second brake circuit 52 the overall deceleration of
the vehicle may be prevented from being greater than a set-
point vehicle deceleration that is predefined by the driver.

In addition, second brake circuit 52 has a continuously
regulatable/adjustable/controllable valve 88 and a second
pump 90. Continuously controllable valve 88 is hydraulically
connected via a reservoir line 89 to a brake medium reservoir
92 at main brake cylinder 62. Brake medium reservoir 92
represents only one example of a storage volume which is
fillable with a brake fluid of the braking system and usable in
the braking system. As an alternative to brake medium reser-
voir 92, a storage volume having a different design may also
be used for use of control device 10, the storage volume
preferably being externally situated and/or not a component
of second brake circuit 52.

The suction side of second pump 90 is likewise hydrauli-
cally connected to brake medium reservoir 92 via a line 91,
which runs in parallel to the continuously controllable valve
88 and second pump 90, and reservoir line 89 in such a way
that after shutoff valve 86 is closed, a volume of brake
medium is dischargeable into wheel brake cylinders 545 of
second brake circuit 52 via (at least partially opened) wheel
inlet valves 745 with the aid of second pump 90. The pressure
side of second pump 90 is connected via continuously con-
trollable valve 88 to brake medium reservoir 92 in such a way
that after shutoff valve 86 is closed, a volume of brake
medium is pumpable from wheel brake cylinders 545 of
second brake circuit 52 into brake medium reservoir 92 via (at
least partially opened) wheel outlet valves 786 and (at least
partially opened) continuously controllable valve 88. Thus,
after shutoff valve 86 is closed, the hydraulic braking torque
of wheel brake cylinders 545 of second brake circuit 52 may
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be actively set with the aid of second pump 90 and continu-
ously controllable valve 88. In particular, the hydraulic brak-
ing torque of wheel brake cylinders 546 of second brake
circuit 52 which are decoupled from main brake cylinder 62
may be set to correspond to a difference between a setpoint
total braking torque predefined by the driver and an actual
total braking torque composed of the generator braking
torque of the generator and the hydraulic braking torque of
wheel brake cylinders 54a of first brake circuit 50.

Pumps 80 and 90 may each be situated as three-piston
pumps on a shared shaft 94 of a motor 96. For example, other
types of pumps besides three-piston pumps are also usable for
pumps 80 and 90. Pump 90 is only one example of a usable
volume conveying device.

Instead of or in addition to pump 90, the braking system
may include a different volume conveying device, for
example a plunger.

Components 70 through 96 of the braking system
described in the above paragraphs merely represent examples
of equipping a braking system with control device 10,
described in greater detail below.

Second brake circuit 52 is operable in a main brake cylin-
der braking mode in which a pressure in second brake circuit
52 is controllable with the aid of main brake cylinder 62. The
main brake cylinder braking mode of second brake circuit 52
is present when shutoff valve 86 is controlled at least into a
partially opened state. In particular, second brake circuit 52 is
in the main brake cylinder braking mode when shutoff valve
86 is open.

By closing shutoff valve 86, second brake circuit 52 is
additionally controllable into a nonmuscular energy braking
mode in which a brake pressure that is present in second brake
circuit 52 is actively settable with the aid of second pump 90
and continuously adjustable valve 88. The nonmuscular
energy braking mode of second brake circuit 52 may be
utilized, for example, to blend a recuperative braking torque
of the generator exerted on the axle of wheels 56 of the first
brake circuit. For this purpose, the brake pressure in second
brake circuit 52 may be actively set with the aid of second
pump 90 and continuously adjustable valve 88 in such a way
that the brake pressure corresponds to a difference between a
preferred overall braking torque and the sum of the hydraulic
braking torques and the recuperative braking torques exerted
on wheels 56 of first brake circuit 50. Thus, the braking
system described here is also advantageously usable in par-
ticular in an electric vehicle or in a hybrid vehicle.

Each of the two brake circuits 50 and 52 has at least one
pressure sensor 98 through 100, respectively, which is
designed for ascertaining a circuit pressure and/or a wheel
pressure. Thus, a piece of information/variable regarding an
actual brake pressure that is present in associated brake circuit
50 or 52, or in associated wheel brake cylinders 56 and 60,
respectively, is ascertainable/measurable. The piece of infor-
mation/variable ascertained by pressure sensor 98 of first
brake circuit 50 regarding the actual brake pressure that is
present in the first brake circuit 50 or in wheel brake cylinders
54a is providable to control device 10 as output signal 20/ac-
tual variable.

The actual variable provided by sensor 98 is receivable
with the aid of control device 10. As an alternative or in
addition to the actual variable of sensor 98, other actual vari-
ables regarding an actual braking torque exerted on at least
one wheel 56 by at least one wheel brake cylinder 54a are
receivable with the aid of control device 10. Control device 10
is additionally designed to receive a setpoint variable pro-
vided by sensor 66 via a sensor signal 18. (Optionally, control
device 10 is also designed to receive an elasticity variable
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regarding an elasticity of second brake circuit 52, which,
however, is not described below.)

Control device 10 is designed to establish the above-de-
scribed default variable regarding a setpoint additional vol-
ume of the brake fluid in second brake circuit 52 which is in
the main brake cylinder braking mode, by taking into account
the at least one setpoint variable and the at least one actual
variable. (Optionally, the at least one elasticity variable may
also be taken into account in establishing the default variable/
the setpoint additional volume.) Furthermore, control device
10 is designed to control pump 90 with the aid of control
signal 36 in such a way that an actual additional volume of the
brake fluid corresponding to the established setpoint addi-
tional volume is pumpable from brake medium reservoir 92
into second brake circuit 52. (For this purpose, a plunger may
be used instead of or in addition to pump 90.) This may be
understood as filling of second brake circuit 62 from brake
medium reservoir 92. This may be carried out while second
brake circuit 52 is in the main brake cylinder braking mode,
due to the presence of shutoff valve 86 in at least a partially
opened state. The above-mentioned advantages are thus
achievable with the aid of control device 10. The implement-
ability is not limited to the illustrated modulation system;
rather, it may be transferred to modulation systems which
allow an external volume to be conveyed into at least second
brake circuit 52.

In the illustrated specific embodiment, second brake circuit
52 is connected to brake medium reservoir 92 via reservoir
line 89 which extends in parallel to main brake cylinder 62. In
this case, with the aid of pump 90 the actual additional volume
may be pumped from brake medium reservoir 92 into second
brake circuit 52 via reservoir line 89 while the second brake
circuit is in the main brake cylinder braking mode. (The actual
additional volume may be displaced in addition to the volume
displaced by the driver from main brake cylinder 62 into
second brake circuit 52.)

However, the braking system described here is not limited
to equipping it with this type of reservoir line. Instead, the
actual additional volume may be pumped via a replacement
borehole with the aid of a sealing device which connects the
storage volume, depicted here as brake medium reservoir 92
as an example, to main brake cylinder 62. This type of
replacement borehole may, for example, be a snifter hole
having a central valve. Thus, second brake circuit 52 may also
be filled with the actual additional volume of the brake fluid
via the sealing device, which is controlled in an at least
partially opened state, while second brake circuit 52 is in the
main brake cylinder braking mode.

In one preferred specific embodiment, main brake cylinder
62 includes a first pressure chamber 102 associated with first
brake circuit 50, and a second pressure chamber 104 associ-
ated with second brake circuit 52. This may be understood to
mean that the supply line of first brake circuit 50 leads to first
pressure chamber 102, while the supply line of second brake
circuit 52 opens into second pressure chamber 104. A first
maximum volume of first pressure chamber 102, which is
present if brake activation element 64 is not activated, is
advantageously greater than a second maximum volume of
second pressure chamber 104, which is assumed if brake
activation element 64 is not activated.

The use of control device 10 thus opens the possibility of
dimensioning the chamber volume of second brake circuit 52
to be significantly smaller. If second brake circuit 52 is pro-
vided in a by-wire system, the chamber volume may in par-
ticular be completely dispensed with. This reduction in the
second maximum volume of second pressure chamber 104
compared to the first maximum volume of first pressure
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chamber 102 is achievable while at the same time meeting
regulatory requirements. Main brake cylinder 62 which is
usable in the braking system may thus be shortened in length.
The space requirements of main brake cylinder 62 are reduc-
ible in this way. The shorter design of main brake cylinder 62
(in its longitudinal direction) also offers advantages for pack-
aging.

Control device 10 ensures compensation for a functional
impairment of first brake circuit 50. Therefore, the braking
system does not have to be equipped with complex or error-
prone sensors for detecting a leak in first brake circuit 50.
(Optionally, overelasticity of second brake circuit 52, for
example due to trapped air, may be compensated for with the
aid of control device 10, for which reason sensors for detect-
ing air in second brake circuit 52 may be dispensed with.) The
robustness of the braking system may be increased in this
way.

Predefined switch-oft thresholds which in particular
specify maximum values, and/or control thresholds which
establish preferred value ranges for the pumping rates, may
also be taken into account in establishing the setpoint addi-
tional volume of second brake circuit 52 and in ouputting
control signal 36. Pump 90 may preferably be activated in a
noise-optimized operating range, with simultaneous deacti-
vation/switching off of pump 90 when the vehicle is at a
standstill.

In one preferred specific embodiment, pump 90 is con-
trolled when a driver braking input is recognized based on the
exceedance of a threshold value of the pedal travel, and the
brake pressure that is present in first brake circuit 50 is less
than a threshold value corresponding to the deceleration
required by regulation, or to a higher threshold. This ensures
good support of the driver in the lower deceleration range, and
at the same time, the best possible modulation capability of
the vehicle deceleration in the middle to high deceleration
range.

The pump may likewise be controlled if, for example, the
pedal travel sensor has recognized a brake activation, but no
pressure buildup has been measured at pressure sensor 98 of
first brake circuit 50. (Likewise, the actual additional volume
may be pumped into second brake circuit 52 if the elasticity of
second brake circuit 52 is above a predefined threshold value,
and air in second brake circuit 52 or other effects which
increase the volume in brakes 5456 may be deduced.)

The braking system described here, even for the present
axle-specific brake circuit distribution and a possible front
axle-loaded distribution of the vehicle weight, ensures reli-
able deceleration, even in the event of a functional impair-
ment, such as in particular a failure, of first brake circuit 50
and/or when the elasticity of second brake circuit 52 deviates
from a normal value range.

What is claimed is:

1. A control device for a braking system of a vehicle,
comprising:

at least one of:

a first receiving device, wherein, with the aid of the first
receiving device, at least one provided setpoint vari-
able regarding a setpoint brake pressure to be set at
least one of in a first brake circuit of the braking
system and in at least one first wheel brake cylinder of
the first brake circuit is receivable;

a second receiving device, wherein, with the aid of the
second receiving device, at least one provided actual
variable is receivable regarding at least one of: an
actual brake pressure that is present at least one in the
first brake circuit and in the at least one first wheel



US 9,248,812 B2

13

brake cylinder, and an actual braking torque exerted
on at least one wheel by the at least one first wheel
brake cylinder; and

athird receiving device, wherein, with the aid of the third
receiving device, an elasticity variable regarding an
elasticity of a second brake circuit of the braking
system is receivable;

an evaluation device, with the aid of which a default vari-
able regarding a setpoint additional volume of a brake
fluid of the second brake circuit which is in a main brake
cylinder braking mode is establishable, a pressure in the
second brake circuit which is in the main brake cylinder
braking mode being controllable with the aid of a main
brake cylinder of the braking system, taking into account
at least one of a first deviation variable of the at least one
actual variable from the at least one setpoint variable and
a second deviation variable of the elasticity variable
from a predefined setpoint elasticity variable; and

a control device, with the aid of which a control signal
corresponding to the established default variable is out-
puttable to at least one volume conveying device of the
braking system in such a way that with the aid of the at
least one volume conveying device an actual additional
volume of the brake fluid corresponding to the setpoint
additional volume is introducible from a storage volume
of'the braking system into the second brake circuit which
is in the main brake cylinder braking mode.

2. The control device as recited in claim 1, wherein at least
one sensor signal of at least one of a braking distance sensor
and a brake pressure sensor is receivable and may be taken
into account as the at least one setpoint variable.

3. The control device as recited in claim 1, wherein at least
one output signal of at least one of a brake pressure sensor, a
wheel speed sensor, and a vehicle speed sensor is receivable
and may be taken into account as the at least one actual
variable.

4. The control device as recited in claim 1, wherein a
variable regarding a relationship of at least one volume dif-
ference of at least one of the second brake circuit and a main
brake cylinder chamber connected to the second brake circuit
and a pressure difference in the second brake circuit is receiv-
able and may be taken into account as the elasticity variable
regarding the elasticity of the second brake circuit.

5. A braking system for a vehicle, comprising:

a main brake cylinder;

a storage volume which is fillable with a brake fluid;

a first brake circuit having at least one first wheel brake
cylinder and a second brake circuit having at least one
second wheel brake cylinder, the second brake circuit
being operable at least in a main brake cylinder braking
mode in which a pressure in the second brake circuit is
controllable with the aid of the main brake cylinder;

at least one volume conveying device;

at least one of:

(a) a first receiving device using which at least one
provided setpoint variable regarding a setpoint brake
pressure to be set at least one of in the first brake
circuit and in at least one first wheel brake cylinder of
the first brake circuit is receivable;

(b) a second receiving device using which at least one
provided actual variable is receivable regarding at
least one of (1) an actual brake pressure that is present
at least one in the first brake circuit and in the at least
one first wheel brake cylinder, and (2) an actual brak-
ing torque exerted on at least one wheel by the at least
one first wheel brake cylinder; and
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(c) a third receiving device using which an elasticity
variable regarding an elasticity of the second brake
circuit is receivable;

an evaluation device using which a default variable regard-

ing a setpoint additional volume of a brake fluid of the
second brake circuit which is in the main brake cylinder
braking mode is establishable, a pressure in the second
brake circuit which is in the main brake cylinder braking
mode being controllable with the aid of the main brake
cylinder, taking into account at least one of a first devia-
tion variable of the at least one actual variable from the
at least one setpoint variable and a second deviation
variable of the elasticity variable from a predefined set-
point elasticity variable; and

a control device using which a control signal correspond-

ing to the established default variable is outputtable to
the at least one volume conveying device in such a way
that, with the aid of the at least one volume conveying
device, an actual additional volume of the brake fluid
corresponding to the setpoint additional volume is intro-
ducible from the storage volume into the second brake
circuit which is in the main brake cylinder braking
mode.

6. The braking system as recited in claim 5, wherein:

the second brake circuit is connected to the storage volume

via a reservoir line extending in parallel to the main

brake cylinder, and

with the aid of the at least one volume conveying device,

the actual additional volume of the brake fluid is intro-

ducible from the storage volume via the reservoir line
into the second brake circuit which is in the main brake
cylinder braking mode.

7. The braking system as recited in claim 5, wherein:

the storage volume is connected to the main brake cylinder

via a replacement borehole having a sealing device, and

with the aid of the at least one volume conveying device,
the actual additional volume of the brake fluid is intro-
ducible from the storage volume into the second brake
circuit which is in the main brake cylinder braking mode
via the sealing device, which is controlled into an at least
partially opened state.

8. The braking system as recited in claim 5, wherein:

the main brake cylinder includes a first pressure chamber

associated with the first brake circuit and a second pres-

sure chamber associated with the second brake circuit,
and

a first maximum volume of the first pressure chamber is

larger than a second maximum volume of the second

pressure chamber.

9. A method for operating a braking system for a vehicle,
having a main brake cylinder, a storage volume which is
fillable with a brake fluid, a first brake circuit having at least
one first wheel brake cylinder, a second brake circuit having
at least one second wheel brake cylinder, the second brake
circuit being operable at least in a main brake cylinder brak-
ing mode in which a pressure in the second brake circuit is
controllable with the aid of the main brake cylinder, and at
least one volume conveying device, comprising the steps of:

ascertaining at least one of:

at least one setpoint variable regarding a setpoint brake
pressure to be set at least one of in the first brake
circuit and in the at least one first wheel brake cylin-
der;

at least one actual variable regarding at least one of: an
actual brake pressure present at least one of in the first
brake circuit and in the at least one first wheel brake
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cylinder, and an actual braking torque exerted on at
least one wheel by the at least one first wheel brake
cylinder; and

an elasticity variable regarding an elasticity of the sec-
ond brake circuit;

establishing a default variable regarding a setpoint addi-

tional volume of the brake fluid of the second brake
circuit which is in the main brake cylinder braking
mode, by taking into account at least one of a first devia-
tion variable of the at least one actual variable from the
at least one setpoint variable and a second deviation
variable of the elasticity variable from a predefined set-
point elasticity variable; and

introducing an actual additional volume of the brake fluid

corresponding to the default variable from the storage
volume into the second brake circuit which is in the main
brake cylinder braking mode with the aid of the at least
one volume conveying device.

10. The method as recited in claim 9, wherein the actual
additional volume of the brake fluid is introduced into the
second brake circuit which is in the main brake cylinder
braking mode with the aid of the at least one volume convey-
ing device from the storage volume via a reservoir line which
connects the second brake circuit to the storage volume in
parallel to the main brake cylinder.
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11. The method as recited in claim 9, wherein a sealing
device of a replacement borehole which connects the storage
volume to the main brake cylinder is at least partially opened,
and with the aid of the at least one volume conveying device
the actual additional volume of the brake fluid is introduced
from the storage volume via the at least partially opened
sealing device into the second brake circuit which is in the
main brake cylinder braking mode.

12. The method as recited in claim 9, wherein at least one
of at least one braking distance and a brake pressure of an
activation of a brake activation element is ascertained by a
driver of the vehicle as the at least one setpoint variable.

13. The method as recited in claim 9, wherein at least one
of: at least one pressure in at least one of the first brake circuit
and the at least one first wheel brake cylinder, a change over
time of a rotational speed of a wheel, and a vehicle decelera-
tion is ascertained as the at least one actual variable.

14. The method as recited in claim 9, wherein a variable
regarding a relationship of at least one volume difference of at
least one of the second brake circuit and a pressure chamber
of the main brake cylinder connected to the second brake
circuit and a pressure difference in the second brake circuit is
ascertained as the elasticity variable regarding the elasticity
of the second brake circuit.

#* #* #* #* #*



